Single-strand breaks, as measured by the McGrath and Williams procedure, occur in chromosomal deoxyribonucleic acid of Escherichia coli cells during thymine starvation.
When bacteria are prevented from synthesizing thymidylate, colony-forming ability decreases (3) and some physical properties of the deoxyribonucleic acid (DNA) change. DNA of Escherichia coli 15 T-decreases in substrate activity for DNA methylases (8) and for ribonucleic acid polymerase (13) . Menningmann and Szybalski showed that Bacillus subtilis DNA decreases in viscosity and increases in sensitivity to shear during thymine starvation, and they suggested that single-strand breaks might be responsible (15) . Freifelder and Maal0e (7) reported that no single-strand breaks could be detected by sedimentation velocity studies of DNA purified from E. coli cells that had undergone thymineless death; the resolution limit was fewer than one break per 10 million molecular weight. However, thymine starvation of E. coli strains which harbor episomes causes the production of singlestrand breaks in the episome, as indicated by loss of the covalent circles measured by zone centrifugation in alkaline sucrose gradients (6) . In this communication, I report that single-strand breaks are formed in chromosomal DNA of E. coli during thymine starvation and can be detected by the McGrath and Williams procedure (14) .
E. coli K-12 thy-cells were grown in [3H]-thymine to label DNA uniformly and were then shifted to minimal medium lacking thymine. At intervals the cells were collected, converted to spheroplasts, lysed on the surface of alkaline sucrose gradients, and centrifuged (14) . During thymine starvation, the molecular weight of the single strands decreased (Fig. 1) , as indicated by the shift of radioactivity toward the meniscus.
As originally used (14) , the McGrath and Williams procedure underestimated the number of X ray-induced single-strand breaks, primarily because the molecular weights calculated were approximately equivalent to weight-average mo-FRACTION FIG. 1. Distribution of radioactivity of E. coli DNA in alkaline sucrose gradients. Centrifugation was from right to left. Strain AX116 (K-12 P-, thi, thr, leu-, thyA, thyR7) was grown at 37 C in minimal medium (9) supplemented with glucose (10 mg/ml), thiaminehydrochloride (5 ug/ml), Casamino Acids (S mg/ml), and [3H]thymine (20 MCi per 5.2 jug/ml) to 3 X 108 cells/ml. The bacteria (0.6 ml) were centrifuged at 8,000 rev/min for 5 min at 4 C in a tube 7 X 51 mm. The medium was chianged to the minimal medium without thymine by the procedure of Freifelder (6) . Incubation at 37 C-was continued with the bacteria remaining in the tube, and 0.2-ml samples were withdrawn at 0 (0), 60 (o), and 120 min (0). The samples were maintained on ice until all were collected and then centrifuged at 8,000 rev/min for 15 min at 4 C. The cells were converted to spheroplasts (17) , and a 20-giter portion (containing no more than 6 X 106 spheroplasts) was layered onto a 5-ml (pH 12.0) sucrose gradient (14) and stirred gently with a pin (17) . The gradients were centrifuged for 2 hr at 30,000 rev/min at 20 C in a Spinco SW50.1 rotor. About 44 two-drop fractions were collected on paper discs and counted (14) . This thy-strain is similar to other thy-strains in the following respects: (i) thymineless death occurs with the usual kinetics during thymine starvation (3); (ii) cells elongate during thymine starvation; and (iii) induction occurs after readdition of thymine to thymine-starved J. BACTERIOL. lecular weights (4, 5) . However, when modified by the calculation of number-average molecular weights, the McGrath and Williams technique is widely used (4, 11, 17, 20) . The number-average molecular weights previously reported (e.g., references 4, 11) were in the same range as those reported here.
The number-average molecular weight of the DNA single-strands (1, 14, 17, 19) can be used to calculate the approximate number of singlestrand breaks per genome during thymine starvation (Table 1) . Single-strand breaks were formed 
